Objectives: To evaluate the cost effectiveness of a proprioceptive balance board training programme for the prevention of ankle sprains in volleyball. Methods: A total of 116 volleyball teams participated in this study which was carried out during the 2001-2002 volleyball season. Teams were randomly allotted to an intervention group (66 teams, 628 players) or a control group (52 teams, 494 players). Intervention teams followed a prescribed balance board training programme as part of their warm up. Control teams followed their normal training routine. An ankle sprain was recorded if it occurred as a result of volleyball and caused the subject to stop volleyball activity. The injured player completed a cost diary for the duration of the ankle sprain. Analyses were performed according to the intention to treat principle. Mean direct, indirect, and total costs were calculated and were compared between the two groups. Results: The total costs per player (including the intervention material) were significantly higher in the intervention group (J36.99 (93.87)) than in the control group (J18.94 (147.09)). The cost of preventing one ankle sprain was approximately J444.03. Sensitivity analysis showed that a proprioceptive balance board training programme aimed only at players with previous ankle sprains could be cost effective over a longer period of time. Conclusions: Positive effects of the balance board programme could only be achieved at certain costs. However, if broadly implemented, costs associated with the balance board programme would probably be lower. P articipation in sport and physical activity is accompanied by the risk of injury. With the current promotion of a physically active lifestyle, an increased number of sports injuries can be expected.
P
articipation in sport and physical activity is accompanied by the risk of injury. With the current promotion of a physically active lifestyle, an increased number of sports injuries can be expected. 1 Fortunately, most are not life threatening, and the health benefits of sport and physical activity are generally greater than the risks involved. 2 However, sports injuries can cause pain and other physical inconvenience, which result in use of healthcare resources and absenteeism from work. Owing to their demand on our financial healthcare resources, sports injuries have been suggested to be the most under-recognised public health problem. 3 To reduce short and long term social and economic consequences, there is a need for sports injury prevention. Being the most common sports related injury, ankle sprains should be a major focus of sports injury prevention. It has been estimated that about 25% of all injuries across all sports are ankle injuries. [4] [5] [6] [7] Of all sports, volleyball has a relatively high incidence of ankle sprains considering its non-contact nature. 7 This and the negative consequences for future sports participation should prompt preventive measures.
There is surprisingly little evidence on the effectiveness of preventive measures against ankle sprains from (randomised) controlled trials. Moreover, to our knowledge, evidence on the cost effectiveness of these preventive measures does not exist. Therefore we performed an economic evaluation alongside a controlled trial to evaluate the cost effectiveness of a proprioceptive balance board training programme for the prevention of ankle sprains in volleyball. In this article, we report on the economic evaluation and present costs and cost effectiveness. The effects on the incidence of ankle injuries have been reported in detail elsewhere. 8 
METHODS

Population and randomisation
Coaches of all 288 (men's and women's) teams from the second and third Dutch volleyball divisions were invited to participate in this one season (36 week), prospective study. A total of 116 teams consisting of 1127 players agreed to participate. The divisions invited were spread over four different geographical regions, in which second and third division teams competed against each other in regional competitions. These four geographical regions were randomised to an intervention group (two regions; 66 teams: 29 men and 37 women) or a control group (two regions; 50 teams: 20 men and 30 women). After informed consent had been obtained, the coaches of all participating teams were informed verbally about the purpose and procedures of the study, and instructed on the allocated intervention.
Intervention
During the 36 week follow up period, all players from the intervention group followed a set proprioceptive balance board training programme. The programme was designed in collaboration with sports physicians from the Dutch Volleyball Association and the Dutch National Olympic Committee. The programme consisted of 14 basic exercises on and off the balance board, with variations on each exercise and a gradual increase in difficulty and intensity during the 36 week volleyball season. 8 During each warm up, one exercise was carried out, lasting no more than five minutes.
At the start of the season, coaches of the intervention teams were educated in the use of the prescribed balance Abbreviations: NNT, number needed to treat; RD, risk difference board training programme by a trained sports physician or sports physical therapist. Each intervention team was provided with five balance boards, an instruction booklet, and an instructional videotape. In the videotape, players of the Dutch national under 21 team served as a role model to enhance the credibility of the intervention. Halfway through the season, all intervention teams were visited by a sports physician or a sports physical therapist to check compliance with and proper use of the balance board training programme. Players of the control group followed their usual training routine and used no balance boards.
Data collection
The coaches recorded volleyball exposure on a standardised form. The total duration of each training session and match was recorded, as well as the level of participation of each player (full, three quarters, half, quarter, or no participation). If a player did not fully participate, the coach noted the reason: injury, illness, or absence for other reasons. Completed exposure forms were returned on a weekly basis. The coach was contacted to obtain missing data.
An ankle sprain was recorded if it occurred as a result of volleyball, and caused the subject to stop volleyball activity or caused the subject to not fully participate in the next planned volleyball activity. In the case of an ankle sprain, the coach provided the injured player with an injury registration form, which had to be completed within one week of the onset of injury. The player returned the form to the coach, who subsequently forwarded it to the research centre. When the research centre received an injury registration form, a cost diary was sent to the coach, who then forwarded it to the injured player. Injured players completed cost diaries for the duration of the injury-that is, the duration of absence from volleyball activities according to the exposure form.
If an ankle injury was noted on the exposure form and no injury registration form had been received within two weeks of the injury being logged, or if a player was still noted to be absent from volleyball because of the injury and no cost diaries were returned, the coach was contacted and urged to ask the player to complete the injury registration form or cost diary respectively.
Outcomes Clinical outcome was ankle sprain incidence and its 95% confidence interval (95% CI), calculated as incidence of ankle sprains per 1000 playing hours. Recorded exposure and injury data of players without complete follow up were used in the analyses until they dropped out of the study. Ankle sprain risk difference (RD) and its corresponding 95% CI was calculated for the intervention group compared with the control group.
Costs were collected from a societal perspective. Table 1 provides an overview of the costs analysed. 9 10 Besides the cost of the intervention, direct healthcare costs were included: costs of care by a general practitioner, physiotherapist, massage therapist, alternative therapist, and care by a sports physician or medical specialist (for example, orthopaedic surgeon, general surgeon); hospital care; use of drugs (for example, paracetamol/acetaminophen, ibuprofen) and medical devices (for example, crutches, tape, braces). The costs of drugs were estimated on the basis of prices recommended by the Royal Dutch Society of Pharmacy.
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Also included were indirect costs resulting from loss of production due to absenteeism from paid or unpaid work. Indirect costs for absenteeism from paid work were calculated using the friction cost approach of four months, 9 based on the mean age and sex specific income of the Dutch population. 12 Indirect costs for productivity loss of unpaid work, such as study and household work, were estimated at a shadow price of J7.94 per hour. 9 Analysis Analyses were performed according to the intention to treat principle. Mean direct, indirect, and total costs were calculated and compared between the two groups, both for the costs per player in the injured population and for the costs per player in the total population. Costs were not normally distributed. Only a few players had high costs, and most players did not have any costs at all. Therefore confidence intervals for the differences in mean costs were obtained by bias corrected and accelerated bootstrapping (2000 replications).
For the cost effectiveness ratio, number needed to treat (NNT) was calculated from the ankle sprain RD to enable estimation of the costs associated with the prevention of one ankle sprain. RD represented the difference in ankle sprain incidence per 1000 hours, and the mean individual exposure was 97.43 (47.25) hours during the 36 week follow up period. Therefore NNT had to be adjusted to represent this mean individual exposure. Costs per ankle sprain prevented were then calculated by multiplying the adjusted NNT by the mean difference in total costs per player in the total population. Because the absolute number of ankle sprains was low and therefore most players had an effect equal to zero-that is, no ankle injury-95% confidence intervals and cost effectiveness planes associated with these costs could not be calculated.
RESULTS
The participating 66 intervention teams and 50 control teams consisted of 641 and 486 players respectively (table 2) . At baseline, no significant differences in any of the variables were found between the groups (data not shown). A total of 70 ankle sprains were recorded during the 36 week follow up.
Complete cost diaries were returned by 22 (54%) players in the control group and 17 (59%) players in the intervention group.
The subjects who did not complete the cost diaries (noncompleters) did not differ significantly from those who did (completers) with regard to relevant variables (age, years of volleyball, duration of ankle injury, and previous ankle injury) except for sex (14 (34%) female non-completers v 17 (55%) male non-completers). Therefore, in a secondary analysis, cost data for the 31 non-completers were imputed using the mean costs for men and women in the intervention and control groups.
Effect of intervention
The incidence of ankle sprain was 0.5 per 1000 playing hours (95% CI 0.3 to 0.6) in the intervention group and 0.9 per 1000 playing hours (95% CI 0.6 to 1.2) in the control group. With an RD of 0.4 per 1000 playing hours (95% CI 0.1 to 0.7), the ankle injury incidence in the intervention group was significantly lower than in the control group. A subgroup analysis for players with a history of ankle sprains also showed a significant difference in incidence of ankle sprain in favour of the intervention group (RD = 0.5; 95% CI 0.1 to 0.9). No difference was observed for players without a history of ankle sprain (RD = 0.2; 95% CI 20.3 to 0.7). Table 3 shows the use and subsequent costs of healthcare resources and absenteeism from work for the 39 diary completers. In the intervention group, 14 of the 17 completers (73%) reported having had costs due to their ankle injury; in the control group 17 of the 22 completers (77%) reported costs.
Healthcare use and absenteeism from work
In the intervention group, four (24%) completers reported a total of seven visits to a medical specialist, whereas one (5%) visit to a medical specialist was reported in the control group. For the other healthcare cost categories, the percentage of completers in each group who reported healthcare use did not differ, and observed differences in costs are due to differences between individual completers in quantity of healthcare use. Although in both groups 35% of the completers visited a hospital, no admission because of the injury was reported. Absenteeism from paid work was reported by eight (47%) and 10 (45%) of the completers in the intervention group and control group respectively. Absenteeism from unpaid work was reported by nine (53%) completers in the intervention group and by 10 (45%) completers in the control group.
Costs
Each team used five balance boards (J50 a piece) and received a videotape and book worth J10. Consequently, the intervention costs per team were J260. The 66 teams in the intervention group included a total of 641 players making the total intervention costs per player J26.77. Table 4 shows the mean (SD) costs for both the intervention group and the control group, and differences between groups with 95% CIs. For the intervention group the total costs per player in the injured population were J412.27 (445.82) without imputed data (n = 17) and J405.78 (338.28) with imputed data (n = 29). In the control group these costs were comparable: J418.46 (569.70) without imputed data (n = 22) and J360.60 (426.73) with imputed data (n = 41). Direct costs per player in the injured population in the intervention group were significantly higher, both in the analysis with imputed data and in the analysis without imputed data. No significant differences were found for indirect costs.
The total cost per player, including the cost of the intervention material, for the total population was on average J36.99 (93.87) in the intervention group (n = 641) and J18.94 (147.09) in the control group (n = 486). With a mean difference of J18.05 (95% CI 3.92 to 32.18), the total mean costs per player in the total population were significantly higher in the intervention group than in the control group. No significant differences were found for direct and indirect costs, Based on the overall RD of 0.4 ankle sprains per 1000 playing hours between the intervention group and the control group, the NNT in the total population was 2.4. Taking the mean individual exposure of 97.43 (47.25) hours into account, in the present 36 week study, the NNT was 24.6 in the total population. This implies that the cost of preventing one ankle sprain was approximately J444.03.
Sensitivity analysis
The cost difference between the groups was entirely due to the costs of the intervention material (J26.77 per player). As pointed out above, the clinical results showed an effect only for players with previous ankle sprains. However, in our study the intervention was prescribed for all players, and all participating teams needed five balance boards. If the intervention programme had been prescribed for players with a previous ankle sprain only, a maximum of two balance boards per team would have sufficed. This would have lowered the actual costs of the intervention per player to J11.33 and the total costs per player in the intervention group to J21.55. Based on the RD of 0.5 ankle sprains per 1000 playing hours, the NNT in the previously injured population was 2.0. Taking the mean individual exposure of 101.25 (46.97) hours of this subpopulation into account, the NNT was 19.8. This implies that the cost of preventing one ankle sprain in a previously injured player would be about J51.68.
Furthermore, costs were calculated over the 36 week intervention period only, whereas the cost of a balance board could actually be written off over three seasons. If the intervention was aimed at players with previous ankle sprains, and the cost of the intervention material was spread over three years, costs would be further reduced to an estimated J3.78 per player per season. This implies that, in the long term, a proprioceptive balance board training programme for the prevention of acute lateral ankle ligament injuries is cost beneficial.
DISCUSSION
A proprioceptive balance board training programme for the prevention of acute lateral ankle ligament injuries proved effective for players with a history of ankle sprains. 8 The total mean costs were slightly higher in the intervention group than in the control group. The cost of preventing one ankle sprain was approximately J444.03.
Although this study is to our knowledge the first to prospectively investigate the costs associated with a preventive measure for sports injuries, the results and conclusions should be handled with care. We encountered difficulties in recording the cost data. Because of the size of the study population (1127), it was decided that the coaches of the 116 teams would serve as intermediaries to the players. Although this resulted in near complete data for exposure and injuries, 8 this method of recording data reduced our follow up control over the individual injured players. This led to the substantial amount of missing cost diary data. Only 39 of the 70 injured players recorded costs. Although we imputed data for the 31 non-completers, the large number (44%) remains a critical point. We recommend that, in future trials, cost data are collected directly from the players.
Although a significantly lower incidence of ankle sprains was found in the intervention group, it should be noted that a higher incidence of knee injuries was observed in the intervention group. 8 Although the increased risk of knee injury was relatively small (RD = 20.2 per 1000 playing hours, 95% CI 20.4 to 20.0) and all knee injuries were minor, additional costs due to this increase in knee injuries can be expected. Unfortunately, as the balance board training programme only targeted ankle sprains, and an increase in knee injury incidence was not expected beforehand, only costs related to ankle sprain were recorded during our study. Therefore, in the intervention group, the mean total costs associated with the proprioceptive balance board training programme were probably somewhat higher than the calculated J444.03.
Although it can be speculated that, in practice, the cost of preventing one ankle sprain would be lower, the question remains whether the costs associated with a proprioceptive balance board training programme are worth the effects. There seems to be a certain unpreventable baseline risk of ankle sprains and a high risk of recurrence. 7 13-15 It has been found that 20-50% of these recurrences can result in disability and lead to chronic pain or instability 16 and even arthritis later in life. 17 Furthermore, considering the noncontact nature of volleyball compared with other sports, it has a relatively high incidence of ankle sprains. 7 Based on this knowledge and the clinical results showing that a proprioceptive balance board training programme was effective for players with a history of ankle sprains, 8 we recommend the introduction of such a training programme in volleyball in general.
CONCLUSIONS
Although the positive effects of the balance board programme were only achieved at certain cost, it is likely that the costs associated with such a programme would be considerably lower if the target population were defined more strictly and prolonged use of the intervention material were taken into account. A broader implementation of this preventive measure in volleyball can be recommended if the long term health burden of ankle sprains and the clinical effectiveness of a proprioceptive balance board training programme are considered.
